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METHOD FOR FABRICATING MAGNETIC 
WRITE HEADS 

RELATED APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 10/354,834, ?led Jan. 29, 2003, now US. Pat. No. 
6,947,256. 

FIELD OF THE INVENTION 

The present invention relates to magnetic Write heads for 
Writing to a magnetic storage media, and more particularly, 
this invention relates to ?at pro?le Write head design for 
Writing magnetic transitions onto ?exible magnetic storage 
media. One application is Writing the patterns needed for 
timing-based servo, such as is used With the LTO (Linear 
Tape Open) standard. Another application is that for Writing 
data in general. 

BACKGROUND OF THE INVENTION 

Servo control systems that maintain the position of a 
magnetic head relative to tracks in magnetic storage media 
are Well knoWn. European Patent Application EP 0 690 442 
A2, published Jan. 3, 1995, entitled “Servo Control Sys 
tem”, Albrecht et al., describes a servo control system 
having a magnetic recording head for Writing servo position 
code across the Width of the magnetic recording tape and 
doWn the length of the tape. The head also has multiple gaps 
in the doWn-the-tape direction. The head can Write a pattern 
along the length of the tape Wherein the pattern contains 
multiple gaps spaced across the Width of the tape. The 
advantage of such a recording head is the ability to Write 
servo code along the entire length of the tape in discrete 
areas (bands) across the entire Width of the tape in a single 
pass. This increases position accuracy of one pattern With 
respect to another. This also provides an economic advan 
tage because Writing each band separately Would be signi? 
cantly more expensive. 
As shoWn in FIG. 1, a typical prior art head 100 is 

fabricated from tWo parallel pieces of ferrite 110 separated 
by a layer of glass 120. The top surface of the ferrite-glass 
ferrite head 100 is curved, de?ning the contact surface of the 
tape. This curved surface is covered ?rst With a thin mag 
netic seed layer 140 and then later With a layer 130 of 
magnetic material several microns thick. Gaps 150 de?ning 
the Writing pattern extend through the magnetic layer 130 to 
the seed layer 140 over the central glass region. A Wire 
Winding 160 With one or more turns passes through a groove 
170 in the ferrite extending across the long axis of the head 
100 next to the glass. Current passing through the Wire 160 
energiZes magnetic ?elds in the gaps 150. The magnetic ?eld 
Writes the gap pattern on the passing tape (not shoWn). 
Contact betWeen the passing tape and the head causes Wear 
to the head thereby decreasing its life. 

Using the prior art approach, each head 100 must be 
fabricated individually (i.e., discretely). The small siZe and 
shape of the discrete heads makes it dif?cult to apply a 
photoresist layer that has a uniform thickness. Forming a 
uniform photoresist layer is an especially important consid 
eration because the photoresist is used to pattern the record 
ing gaps. Photoresist thickness non-uniformity directly and 
adversely affects the quality of the patterns, especially for 
narroW gap dimensions. Such patterns require the formation 
of narroW lines (on the order of 1.5 pm). Also, because the 
surface is curved, one must compensate for the curvature of 
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2 
the head in the photolithographic process. It is particularly 
dif?cult to apply an even layer of photoresist to pattern the 
recording gaps on this curved surface. Applying resist by 
spinning is dif?cult in the case Where the length-to-Width 
ratio of a part is far greater than unity. Although resist can 
be dipped or sprayed onto the part, these methods are 
cumbersome and have not been re?ned for submicron geo 
metric tolerances. Nor have they been e?iciently adapted to 
fabrication of an array of heads. 

To produce this rounded shape, the heads must be indi 
vidually machined although they could be produced in bar 
form to reduce fabrication costs. FIG. 2 illustrates a bar 200 
containing several heads 100. Lines 210 perpendicular to the 
long axis indicate Where the bars could be saWed apart to 
form individual heads 100. Although the bars 200 can be cut 
up into several heads 100, the procedure is still not very 
ef?cient and provides identical or even more dif?cult chal 
lenges to achieving photoresist uniformity. Thus, it can be 
seen that multiple gap servo Write heads are expensive to 
manufacture and have limited servo pattern de?nition. 

Another prior art approach attempts to solve the problem 
of producing the servoWriter heads individually. This 
approach is described in US. Pat. No. 6,018,444. According 
to the process, existing Wafer processing techniques are used 
for batch operation of head production. FIG. 3 is a draWing 
illustrating a cross section of a servo Write head 300 With 
recording tape 310 passing over the head 300 according to 
the prior art. The tape 310 ?rst contacts the head 300 on the 
curved surface 320 located at the leading edge of the head 
300. Tape 310 continues over the ?at surface 330 supported 
by an air bearing Which has formed betWeen the tape 310 
and the head surface 330. The tape 310 continues to the 
opposite edge of the head, exiting the head over a trailing 
curved edge 350 similar to the entrance. The tape passes 
over the rounded edges and proceeds over the ?at portion 
330 of the head 300 separated from the surface by a thin air 
bearing. A spacer 340 region has a non-magnetic material 
(such as glass) that separates tWo pieces of ferrite 360. 
External inductive coil Windings 160 are Wrapped around 
either side of bottom portion 370 of head 300 to create the 
magnetic ?ux. 
One draWback to this approach is that it relies on an air 

bearing surface for Wear resistance. Further, the prior art air 
bearing must be tailored to the tape velocity. Small head 
tape spacing is preferred for good pattern transfer. Because 
the presence of an air bearing surface can cause Write errors, 
the air bearing for the head 300 in FIG. 3 must be tailored 
to the tape velocity. Another disadvantage of the prior art 
process is the di?iculty in manufacture and assembly due to 
its multi-component design, curved shape, and Wire Wind 
ing. 

Therefore, an unresolved need exists for a batch fabrica 
tion technique that Will increase the manufacturing effi 
ciency of servo Write heads and also improve servo pattern 
de?nition for ?ne features While reducing head Wear. 

A further need exists for a one-piece construction not 
using an external Winding, thereby simplifying the assembly 
process. What is also needed is a head that does not rely on 
an air bearing for Wear resistance, but rather has a ?at 
contour and a sharp air-skiving edge that result in contact 
recording Which is insensitive to tape velocity. Yet another 
need exists for a batch fabrication technique that alloWs 
manufacture of an array of heads. 
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SUMMARY OF THE INVENTION 

A magnetic Write head and method for bulk fabrication of 
the same are provided. According to the method for manu 
facturing magnetic Write heads for magnetic tape recording, 
a plurality of trenches are formed in a nonmagnetic substrate 
Wafer, preferably, a ceramic Wafer. A ?rst magnetically 
permeable layer is deposited in the trench. A ?rst insulating 
layer is optionally deposited on the ?rst magnetically per 
meable layer. A conducting circuit is de?ned on the ?rst 
insulating layer such as by lithographically de?ning the 
circuit. The conducting circuit creates the magnetic ?ux. A 
second insulating layer is deposited in the trench such that 
the conducting circuit is enclosed betWeen the ?rst and 
second insulating layers. The Wafer can be planariZed doWn 
to about the original surface level of the Wafer. A pattern of 
Write head gaps is de?ned, and a second magnetic layer is 
added over the second insulating layer. The Wafer is 
machined to form individual Write heads. Skiving edges are 
formed on the air skiving side or sides of the trench. The 
skiving edges scrape off air that otherWise Would increase 
the thickness of the air bearing betWeen the head and a tape 
passing thereacross. 
A magnetic Write head created by the process set forth 

above thus comprises a nonmagnetic substrate having a 
trench, a ?rst magnetically permeable layer positioned in the 
trench, a ?rst insulating layer in the trench, a conducting 
circuit for creating a magnetic ?ux, a second insulating 
layer, a Write heads pattern, and a second magnetic layer. 

In a further embodiment, multiple magnetic head ele 
ments are fabricated in a planar tWo-dimensional array, in 
Which individual head elements can be used to Write adja 
cent tracks of magnetic media. The resulting tight head 
element pitch gives loWer total span of elements in the head 
and this ultimately gives higher track pitch capability by 
minimizing the misregistration resulting from tape dimen 
sional changes. This design is needed for high TPI in tapes 
having hygroscopic expansions, etc. The current carrying 
conductor for each head element in this embodiment may be 
a coiled structure. This represents a major departure from 
conventional tape head design. 

For the servo Writer head, the conducting circuit may 
folloW a shape of the Write gaps pattern. Thus, the conduct 
ing circuit may be straight or curved and/or can lie directly 
beneath the Write gaps pattern. In one embodiment, the 
second magnetic layer extends over the substrate to the 
skiving edges. HoWever, it may be preferable to have the 
second magnetic layer recessed and ?ush With the top of the 
substrate, depending on the tape characteristics. This pre 
vents the tape from Wearing the trench materials. Preferably, 
the tape-engaging surface of the second magnetic layer is 
?ush With the tape-engaging surface of the substrate, such 
that the tape slides across a ?at contour and the skiving 
edges are cut only in the substrate. Also preferably, the 
skiving edges are sharp and typically have about 90 degree 
Walls. Sharp edges, coupled With the ?at contour of the head, 
result in a contact recording Which is relatively insensitive to 
tape velocity. This in itself provides a signi?cant advantage 
over the prior art. A design variation for TBS Writing has 
pairs of Write gaps in tandem With one or tWo additional 
independently-addressable gaps. This design makes it pos 
sible to eliminate the effect of velocity variation during 
Writing the servo patterns. 

The problems solved and advantages of the invention as 
applied to the data- and servo-Writer heads are many. The 
fabrication method may make use of Wafer processing 
equipment and techniques (conventional servo Writer heads 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
are built using complicated and specialiZed processes). The 
method provides batch processing for ef?cient, loW cost 
production. The head itself is a simpli?ed mechanical 
assembly having hard, non-magnetic Wear-resistant edges 
for long head life. The head further provides loW electrical 
impedance, Which alloWs for higher Writing frequency and 
thus higher tape speed. The velocity-insensitive ?at pro?le 
enhances this capability by alloWing higher Writing speeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and advantages of 
the present invention, as Well as the preferred mode of use, 
reference should be made to the folloWing detailed descrip 
tion read in conjunction With the accompanying draWings. 

FIG. 1 is a draWing illustrating a prior art ferrite-glass 
ferrite head used for Writing position servo information on 
magnetic tape. 

FIG. 2 is a draWing illustrating a bar containing several 
servo Write heads similar to those of the prior art, With lines 
perpendicular to the long axis indicating Where the bars 
could be saWed apart to form individual heads. 

FIG. 3 is a draWing illustrating a cross section of a prior 
art servo Write head. 

FIG. 4 is a cross sectional vieW of a magnetic Write head 
for Writing TBS patterns according to one embodiment. 

FIG. 5 is a perspective vieW of the Write head of FIG. 4. 
FIG. 6 illustrates the Write head in use. 
FIG. 7 is a cross sectional vieW of a Write head according 

to an embodiment. 

FIG. 8 is a How diagram of a process for bulk manufacture 
of Write heads for magnetic tape. 

FIG. 9 illustrates a servo Writer Write head With tandem 
head element pairs according to one embodiment. 

FIG. 10 is a perspective vieW of a Writer head according 
to one embodiment. 

FIG. 11 is a How diagram of an illustrative process for 
fabricating a Write head With multiple head elements. 

FIG. 12 depicts a servo Writer head constructed using the 
process of FIG. 11. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The folloWing description is the best embodiment pres 
ently contemplated for carrying out the present invention. 
This description is made for the purpose of illustrating the 
general principles of the present invention and is not meant 
to limit the inventive concepts claimed herein. 

FIG. 4 illustrates a magnetic Write head 400 for Which the 
signal ?ux emerges from the plane 402 of the head, rather 
than from a cut and lapped edge. As shoWn, a ?rst magneti 
cally permeable layer 404 is positioned in a trench of a 
nonmagnetic substrate 406. An optional ?rst insulating layer 
408 is positioned on the ?rst magnetically permeable layer. 
A current-carrying conducting circuit 410 for creating a 
magnetic ?ux is positioned on the ?rst insulating layer 408 
(or the ?rst magnetic layer if no ?rst insulating layer 408 is 
present). The conducting circuit 410 can be a single Wire 
patterned beloW a data or servo Write gap 411 pattern. The 
conducting circuit can also be a multi-tumed-type Wire. The 
conducting circuit 410 may folloW the layout of the Write 
gap pattern along the head. Thus, the conducting circuit 410 
may be straight or curved and/or can lie directly beneath the 
gap pattern. 
An optional second insulating layer 412 encloses the 

conducting circuit 410 betWeen the ?rst and second insu 
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lating layers 408, 412. A second magnetic layer 414 is 
positioned on the second insulating layer 412. 
One or more Write gaps 411 extend through the second 

magnetic layer 414. Note optional Write gap 413 (in 
shadoW), Which forms a servo Write gap pattern With Write 
gap 411. When a current is passed through the conducting 
circuit 410, a magnetic ?ux is created through the second 
magnetic layer 414 and across the Write gap 411. The ?ux 
that bridges out of the gap in turn Writes data to the tape. 

The second magnetic layer 414 has a high magnetic 
permeability, and so the magnetic ?ux generated by the 
conducting circuit 410 is concentrated in the second mag 
netic layer 414. The second magnetic layer 414 is preferably 
a high magnetic moment material. The second magnetic 
layer 414 as shoWn in this embodiment extends to the 
skiving edges 416, 418. 
As mentioned above, the insulating layers 408, 412 are 

optional, and need not be present in all embodiments. 
FIG. 5 is a perspective vieW of the Write head 400 

shoWing an illustrative servo Write gap pattern 500. Note 
that the Write gap pattern 500 may be arranged as needed for 
Writing LTO TBS patterns, or modi?cations thereof. FIG. 6 
illustrates the Write head 400 in use. The tape 600 is driven 
over the Write head 400 by a drive mechanism (not shoWn). 
Write electronics (not shoWn) are coupled to the magnetic 
Write head for controlling the voltage in the conducting 
circuit 410 of the magnetic Write head, and thereby, the 
magnetic ?ux. 

The spacing betWeen the ?at portion of the Write head 400 
and the tape 600 is affected by the choice of Wrap angle, tape 
speed and tape characteristics. Small head-tape spacing 
(preferred for good pattern transfer) is maintained by mini 
miZing the amount of air that is entrapped betWeen the tape 
600 and the leading edge of the Write head 400. As the tape 
600 moves over the leading skiving edge, most of the air that 
clings to the tape 600 is prevented from being carried into 
the region betWeen the tape 600 and the plane 402 of the 
Write head 400. Thus, the sharp edges 416, 418, coupled 
With the ?at contour of the Write head 400, provide essen 
tially a contact recording and the contact is relatively 
insensitive to changes in tape speed. This in itself provides 
a great advantage over the prior art. Due to the thin ?lm 
structure, the Write head 400 has a loW inductance ?ux path, 
Which facilitates Writing of sharp transitions. 
As shoWn in FIG. 6, the tape 600 preferably Wraps the 

skiving edges 416, 418 by betWeen 0.5 and 5 degrees, and 
ideally 0.8 to 2 degrees, depending on the length of the tape 
bearing surface in the direction of tape travel and depending 
on the tape characteristics. 

FIG. 7 depicts an alternate embodiment of the Write head 
400, in Which the skiving edges 416, 418 are fashioned in the 
hard substrate material aWay from the trench formed in the 
substrate and second magnetic layer. Ideally, the skiving 
edges 416, 418 lie on substantially the same plane as the 
surface of the Write head 400. The ?at contour of the Write 
head 400 and sharp skiving edges 416, 418 fabricated from 
the substrate material minimize Wear of the trench materials. 

The above thin ?lm con?guration provides the folloWing 
advantages: ef?cient magnetic design With loW ?ux leakage 
due to concentrating the ?ux source in immediate proximity 
to the Write gaps; loW inductance design; and it provides the 
option of tailoring the conductor resistance for optimiZing 
rise time. 

In use, the ?at pro?le Write head can be used to Write 
timing based servo patterns in Linear Tape-Open (LTO) and 
other tape recording media. LTO exists in tWo different 
formats, one for fast data access and another for greater 
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6 
storage capacity. The Accelis format uses 8 mm-Wide tape 
on a tWo-reel cartridge that loads at the mid-point of the tape 
to provide fast data access, speci?cally for read-intensive 
applications, such as online searches and retrieval functions. 
The Ultrium format uses a single reel of half-inch Wide tape 
to maximiZe storage capacity, speci?cally for Write-inten 
sive applications, such as archival and backup functions. 

FIG. 8 depicts a process 800 for bulk manufacture of 
magnetic Write heads 400 for magnetic tape according to one 
embodiment. In step 802, a plurality of trenches are 
machined or etched in a nonmagnetic substrate 406, pref 
erably a ceramic substrate Wafer to provide high Wear 
resistance. In step 804, a ?rst magnetically permeable layer 
404 is deposited in each trench of the substrate 406, such as 
by blanket deposition. A ?rst insulating layer 408 is option 
ally deposited on the ?rst magnetically permeable layer in 
step 806, again such as by blanket deposition. In step 808, 
a conducting circuit 410 is de?ned on the ?rst magnetic 
layer, or the ?rst insulating layer 408 if present, such as by 
lithographically de?ning the conducting circuit 410. The 
conducting circuit 410 creates the magnetic ?ux. In step 810, 
a second insulating layer 412 is deposited in the trench such 
that the conducting circuit 410 is enclosed betWeen the ?rst 
and second insulating layers 408, 412. Again, the second 
insulating layer 412 may be blanket deposited. Next, in step 
812, the Wafer is chem-mech planariZed. In step 814, a servo 
or data Write gap pattern is de?ned and the desired servo 
Writer pattern is lithographically de?ned above the conduc 
tor. Note that the conducting circuit 410 can be straight and 
can lie directly beneath the servo pattern 500. Alternatively, 
the circuit 410 can be shaped to minimiZe resistance drops, 
and/or can be customized to accommodate the speci?c servo 
pattern 500. 

In step 816, the second magnetic layer 414 is deposited. 
In the embodiment shoWn in FIG. 4, the Wafer is planariZed 
doWn to about the original surface level of the Wafer (or 
other desired level), leaving the deposited layers in the 
trenches. The second magnetic layer 414 is added over the 
second insulating layer 412, such as by plating. As an option, 
a high Wear-resistant magnetic layer can be deposited for 
extended head life after the Writer pattern is created. 

In the embodiment shoWn in FIG. 7, the second magnetic 
layer 414 is deposited in the trench and the Wafer is 
planariZed to about the original surface level of the Wafer. 

This process creates a multiplicity of one-piece heads 400 
on the Wafer. In step 818, the head edges are ground to de?ne 
skiving edges 416, 418 and the tape bearing surface. In step 
820, the Wafer is machined to form the individual heads 400. 

Note that the order of the steps for this process may be 
changed, and steps may be added or omitted, depending on 
the desired result. 
A variation of the process 800 of FIG. 8 can be used to 

build data Write heads fabricated in a planar tWo-dimen 
sional array, in Which individual head elements Write adja 
cent tracks. FIG. 9 illustrates a data Write head 900 With 
multiple head elements 902, 904. As shoWn, a trench 906 is 
de?ned in a Wafer substrate 907. An insulating layer 908 
With tWo pockets is positioned in the trench. In each pocket, 
separated by an insulating Wall 909, a ?rst magnetic layer 
910, a conductor 912, one or more Write gaps 916, and a 
second magnetic layer 914 are formed. 

FIG. 10 shoWs a Writer head 1000 in Which individual 
head elements 1002 can simultaneously Write multiple adja 
cent tracks on the tape. This head 1000 is preferably similar 
in structure to the head 900 shoWn in FIG. 9. As shoWn in 
FIG. 10, the gaps 1004 are aligned in a staggered formation 
to accommodate the necessary conducting circuits (Which 
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run parallel under the tape bearing surface 1006), While 
being positioned close enough together to Write very closely 
positioned tape tracks. 

The current carrying conductor for each head element in 
this embodiment may be a horizontally or vertically con 
structed coiled structure. The resulting reduction in head 
element pitch compared to conventional disk heads alloWs 
adjacent track Writing. This design is desirable for simulta 
neously Writing, for example, 8 or more ~l micrometer Wide 
tracks to avoid misregistration caused by tape lateral expan 
sion or contraction. This represents a major departure from 
conventional tape head design. 

FIG. 11 depicts an illustrative process 1100 for fabricating 
a Write head With multiple head elements, such as those 
shoWn in FIGS. 9, 10, and 12. In step 1102, a 240 micron 
Wide, 25 to 35 micron deep, trench is created in the substrate, 
Which can be formed of N58 (AL2O3iTiC). In step 1104, 
a 35 micron layer of alumina (insulator) is deposited on the 
substrate and lapped back to about the original surface of the 
substrate. 20 micron deep pockets are patterned and etched 
in the alumina in step 1106. A 5 micron thick layer of 
permalloy (?rst magnetic layer) is plated in each pocket in 
step 1108. Note that steps 1104-1106 and step 1108 maybe 
reversed. 

In step 1110, a 15+ micron layer of copper (conductor) is 
plated to the permalloy in the pocket and lapped. In step 
1112, the copper is patterned and etched to leave 4 micron 
high servo stripes in the desired servo pattern. In step 1114, 
a 4+ micron layer of NI-FE (second magnetic layer) is 
sputtered over the deposited material and lapped. 

This process creates a multiplicity of one-piece heads 900 
on the Wafer. In step 1116, the head edges are ground to 
de?ne skiving edges and the tape bearing surface. In step 
1118, the Wafer is machined to form the individual heads 
900. 

The process of FIG. 11 can be adapted to produce several 
heads/head elements in one trench and/or several trenches 
With one or more heads/head elements formed in each 
trench. 

FIG. 12 depicts a servo Writer head 1200 constructed 
using the process of FIG. 11. This head 1200 is preferably 
similar in structure to the head 900 shoWn in FIG. 9. As 
shoWn, the head 1200 has tWo head elements 1202, 1204, 
each head element 1202,1204 having a Write gap 1206 pairs. 
The conductor 1208 of the ?rst head element 1202 is used 
to energiZe the Write gaps 1206 of the ?rst head element 
1202. Similarly, the conductor 1210 of the second head 
element 1204 is used to energiZe the Write gaps 1206 of the 
second head element 1204. This arrangement can be used to 
Write LTO servo patterns that are compatible With the 
present LTO servo patterns but Which avoid error created by 
tape velocity variation during servo pattern Writing. 

While various embodiments have been described above, 
it should be understood that they have been presented by 
Way of example only, and not limitation. Thus, the breadth 
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8 
and scope of a preferred embodiment should not be limited 
by any of the above-described exemplary embodiments, but 
should be de?ned only in accordance With the folloWing 
claims and their equivalents. 
What is claimed is: 
1. A method for bulk fabrication of magnetic Write heads 

for magnetic tape, comprising: 
forming a substrate having a trench; 
depositing a ?rst magnetic layer in the trench of the 

substrate; 
de?ning a conducting circuit in the trench, the conducting 

circuit being for creating a magnetic ?ux; 
de?ning at least one Write gap; 
adding a second magnetic layer; and 
dividing the substrate for forming individual Write heads. 
2. The method as recited in claim 1, Wherein the con 

ducting circuit is lithographically de?ned. 
3. The method as recited in claim 1, Wherein the con 

ducting circuit folloWs a prede?ned Write gap pattern. 
4. The method as recited in claim 1, and further compris 

ing forming a skiving edge on at least one side of the trench, 
the skiving edge being for scraping air from a tape passing 
thereacross. 

5. The method as recited in claim 4, Wherein the second 
magnetic layer substantially extends to the skiving edge. 

6. The method as recited in claim 4, Wherein the second 
magnetic layer does not extend to the skiving edge. 

7. The method as recited in claim 4, Wherein the skiving 
edge is approximately orthogonal to a plane extending 
across the tape-bearing surface of the head. 

8. The method as recited in claim 1, Wherein the at least 
one Write gap includes a pair of servo Write gaps. 

9. The method as recited in claim 1, and further compris 
ing de?ning at least one additional conducting circuit in the 
trench for forming at least one additional independently 
energiZeable head element in a planar tWo-dimensional 
array. 

10. The method as recited in claim 9, Wherein each of the 
conducting circuits is de?ned toWards a desired location of 
the Write gaps. 

11. The method as recited in claim 9, Wherein the con 
ducting circuit in each head element is a coiled structure. 

12. The method as recited in claim 1, and further com 
prising depositing an insulating layer on the ?rst magnetic 
layer. 

13. The method as recited in claim 1, and further com 
prising depositing an insulating layer on the conducting 
circuit betWeen the conducting circuit and the second mag 
netic layer. 

14. The method as recited in claim 1, further comprising 
forming an insulator in the trench, forming pockets in the 
insulator, and Wherein the ?rst magnetic layer and conduct 
ing circuit are positioned in the pockets in the insulator. 

* * * * * 


